Summary &mdash; A membrane fraction was isolated from the ectomycorrhizal fungi Pisolithus tinctorius and Cenococcum geophilum and from eucalyptus ectomycorrhizas using differential centrifugation.
Résumé &mdash; Analyse électrophorétique bidimensionnelle des protéines membranaires de champignons ectomycorhiziens. La différenciation des ectomycorhizes induit de profondes modifications dans la biosynthèse des protéines des partenaires de l'association symbiotique. Les Martin, 1988a, b; Hilbert et al, 1991) . Ultrastructural studies have shown that the surface area of the plasma membrane and endoplasmic reticulum increases extensively in the ectomycorrhizal symbionts (Massicotte et al, 1987; Kottke and Oberwinkler, 1989) . This increase is presumably associated with recognition, nutrient trafficking, and secreted protein biosynthesis (Smith and Smith, 1990; Martin and Hilbert, 1991 (Dupont and Leonard, 1980; Randall and Ruesink, 1983 (1983) . P tinctorius was grown on Pachlewski's medium in 2% agar (Martin et al, 1990) and C geophilum was grown in liguid culture in Pachlewski's medium (Martin et al, 1983 (1990) and Martin et al (1991) .
Membrane preparation
Fungal mycelium and 7-day-old ectomycorrhizas (100-300 mg) were sampled, weighed and immediately ground with a mortar and pestle at 4 °C. Homogenization medium consisted of 10% (w/w) polyvinylpyrrolidone, 3 mM EDTA, 25 mM 2-ME (2-mercaptoethanol), 7.2 &mu;g/ml PMSF (phenylmethylsulfonyl fluoride) and 25 mM TrisMes (2-(N-morpholino)ethane sulfonic acid) at a pH of 7.7 in 250 mM sucrose, and was used at a ratio of 15 ml g -1 fresh weight of mycelium of ectomycorrhizas. PMSF, 2-ME and polyvinylpyrrolidone were added to the homogenization medium immediately prior to extraction. The homogenate was filtered through one layer of nylon membrane (outer diameter 48 &mu;m) and centrifuged at 15 000 g in a Kontron TFT 7038 rotor for 15 min at 4 °C to remove cell debris, nuclei and mitochondria. The pellet was discarded and the supernatant was centrifuged at 90 000 g in a Kontron TFT 7038 rotor for 35 min at 4 °C to obtain the microsomal pellet. Microsomal pellets and the 90 000 g supernatant were stored at -20 °C for further analysis.
Solubilisation of membrane proteins
Centrifuge tubes containing membrane pellets were inverted on ice and excess supernatant removed before addition of solubilisation buffers. Four methods were used to solubilize the microsomal fraction.
Method 1
The membrane pellet was suspended in 100 &mu;l of sodium dodecyl sulphate (SDS) buffer containing 2% (w/v) SDS, 2% (v/v) ME, 20% (w/v) glycerol, and 2 mM PMSF in 100 mM Tris-HCl (pH 8.5) (Laemmli, 1970) . The suspension was heated for 3 min at 80 °C. After cooling, the membrane residues were removed by centrifugation at 15 000 g for 15 min at 4 °C.
Method 2
Membrane proteins were solubilized in 10 &mu;l of Laemmli buffer as described in method 1 and 2 vol of a sample dilution buffer consisting of 9.5 M urea, 2% (v/v) Nonidet P40 (NP40), 5% (v/v) 2-ME, and 2% (v/v) ampholytes (O'Farell, 1975) were added to the sample (Hurkman and Tanaka, 1986 Hilbert and Martin (1988a) . The membrane proteins obtained according to method 1 were separated by 1-D SDS-PAGE (Hilbert and Martin, 1988a) , whereas those obtained by methods 2, 3, and 4 were separated by 2-D SDS-PAGE as described by O'Farrell (1975) , and modified according to Hilbert and Martin (1988b) . Briefly, samples containing approximately 200 &mu;g of proteins were loaded at the basic end of the focusing gels. Glass cylinders (140 x 1 mm) containing the urea-polyacrylamide gels and 4% ampholytes (25% ampholytes pH 3.5 to 10 (LKB) and 75% ampholytes pH 5 to 7 (Pharmacia)) were used. Isoelectric focusing was conducted for 17.5 h at 1 200 V plus 0.5 h at 1 500 V. Gels were extruded, equilibrated, and loaded onto the 2nd dimension as described by O'Farrell (1975) , except that ME was omitted (Tasheva and Dessev, 1983 (Bradford, 1976) (Valentines, 1961) and 80 mM lead citrate (Reynolds, 1963) (Goffeau and Slayman, 1981) .
Based on these investigations, we considered that: i), the microsomal membranes obtained by differential centrifugation were free of organelles (including nuclei, mitochondria, lysosomes, plastes), as judged from electron microscopy; and ii), mitochondrial membranes were absent, as judged by marker enzymes. Since the nuclear membrane and the endoplasmic reticulum, and also the Golgi and the endoplasmic reticulum are contiguous, it is likely that these membranes are major constituents. Tonoplast, plasma membrane, and component of the protein secretory pathway are therefore present in this microsomal fraction.
Solubilisation of membrane proteins
Membrane proteins of P tinctorius and C geophilum were extracted with various buffers containing either an ionic (SDS) or a non-ionic (NP40) detergent. Extraction yields were higher (approximately 1 mg protein.g -1 fresh weight) with method 1 (2% SDS) (table III), whereas the combination of the 2 detergents (method 2) gave lower yields. However, patterns of C geophilum and P tinctorius (data not shown) membrane proteins by 1-D PAGE showed that the quality of silver-stained gels and the number of polypeptides obtained with different methods of solubilisation were similar.
In contrast, analyses of fungal-and ectomycorrhiza-membrane proteins by 2-D PAGE showed that the quality of silverstained gels obtained following the different methods of solubilisation differed widely (figs 3, 4 and 5). Silver-stained gels of proteins solubilized from P tinctorius membranes with 2% SDS followed by addition of NP40 and urea (method 2) had relatively few proteins and were characterized by horizontal and vertical streaking and high background staining (fig 3A) . High background staining suggests incomplete solubilisation of the membrane sample leading to the formation of protein complexes and aggregates that remain at the top of the focusing gel or move slowly into the gel during focusing. When 2% NP40 (method 3) and urea was used to solubilize membrane proteins ( fig 3B) (Bowman et al, 1981) , Physarum polycephalum (Kuroda et al, 1989) and yeast (Goffeau and Slayman, 1981) (Laemmli, 1970) followed by acetone precipitation to remove SDS prior to solubilizing the proteins in the urea buffer (O'Farrell, 1975 (O'Farrell, 1975) .
In this investigation, we have shown that membrane polypeptides can be separated with good resolution by 2-D PAGE from small quantities of ectomycorrhiza or ectomycorrhizal fungi. Of the 4 methods assessed, 1 method (SDS/acetone/urea-NP40) enabled us to solubilize membrane polypeptides adequately, while the other 3 methods resulted in poor quality gels with P tinctorius samples. Overall, the procedure described for membrane purification, together with the methods of membrane protein solubilisation and 2-D PAGE, should constitute good starting approaches for the study of changes in membrane polypeptide synthesis during ectomycorrhizal development.
